T HE TERRORIST ATTACKS ON THE
World Trade Center (WTC) on September 11, 2001 , claimed more than 2700 lives and exposed hundreds of thousands of people to dust, debris, pulverized building materials, and potentially toxic emissions, resulting in short-and mediumterm health effects. [1] [2] [3] [4] [5] [6] The dust, smoke, and aerosols were complex mixtures of volatile chemicals and respirable particulate matter less than 2.5 m in diameter and contained known and suspected carcinogens including asbestos, silica, benzene, polychlorinated biphenyls, polycyclic aromatic hydrocarbons, volatile organic compounds, and numerous metals. [7] [8] [9] [10] The presence of carcinogenic agents raises the possibility that exposure to the WTC environment could eventually lead to cancers. Thus far, the only systematic examination of cancer incidence is a study of 9853 male firefighters employed by the Fire Department of the City of New York (FDNY). 11 ZeigOwens et al 11 reported 19% excess incidence for all cancer sites combined among WTC-exposed firefighters com-pared with unexposed firefighters in the 7 years following September 11. Most of the excess incidence was composed of prostate and thyroid cancers, nonHodgkin lymphoma, and melanoma. A mortality study from the WTC Health Registry, in which 41 930 WTCexposed New York City residents were followed up through 2009, found that the total mortality from potentially short incubation and fatal hematological malignancies did not differ significantly from expected. 12 However, the follow-up period was short relative to the onset and survival times for most cancers.
We evaluated cancer incidence to determine any excess cancer among rescue/recovery workers and volunteers and those not involved in rescue/ recovery enrolled in the registry, laying the groundwork for periodic cancer surveillance.
METHODS

Study Population
The World Trade Center Health Registry is a cohort study designed to monitor the health effects of the September 11 attacks among rescue/ recovery workers and persons who lived, worked, or attended school in lower Manhattan. The study methods have been published elsewhere. 2, 13 Briefly, in 2003-2004 a total of 71 434 persons completed a telephone (95%) or in-person (5%) interview. Participants were either identified through lists provided by employers, government agencies, and other entities (30%; list identified) or they responded to an outreach campaign (70%; self-identified). Coverage of the eligible population was estimated as 34% for rescue/recovery workers and 23% for residents.
14 Verbal informed consent was obtained from each of the participants. This analysis included registry enrollees who were New York State (NYS) residents on September 11 and at risk for a first primary invasive cancer at the time of registry enrollment, defined as never having had a primary invasive cancer documented in any of the 11 state cancer registries we used for case identification.
This study was approved by the institutional review board of the New York City Department of Health and Mental Hygiene. Each cancer registry record linkage was also approved by the respective institutional review board of 10 state departments of health listed below and the University of Medicine and Dentistry of New Jersey.
Outcome Definition
Cancers were identified through record linkage with 11 state cancer registries. Eligible study participants were matched to cancer registries that have been population based since 1976 (in NYS) and 1978 (in New Jersey). Residents of NYS on September 11 who later moved to California, Connecticut, Florida, North Carolina, Massachusetts, Ohio, Pennsylvania, Texas, or Washington were matched to the corresponding state cancer registry. The proportion of the cancer cases with a full or partial social security number was similar to that in noncancer cases (76.1% vs 76.5%, respectively; P = .78). An incident cancer case is defined as a first primary invasive cancer or in situ bladder cancer matched to a state cancer registry and diagnosed any time postenrollment through December 31, 2008 Separate qualitative descriptions of WTC exposures were used to classify exposure as high, intermediate, or low for rescue/recovery workers (excluding those who worked exclusively on Staten Island) and for participants not involved in rescue/recovery (exposure level definitions appear in the eTable at http://www.jama.org). Highly exposed rescue/recovery workers were in the immediate area at the time of the WTC towers' collapse and worked on the dust and debris pile on September 11 or worked at the site for more than 90 days starting in the first week after September 11. Highly exposed participants not involved in rescue/recovery reported 2 or more injuries on September 11, and resided or worked in lower Manhattan and did not evacuate or were present at school on September 11.
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Rescue/recovery workers and those not involved in rescue/recovery generally experienced qualitatively different exposures, and were therefore analyzed separately. Covariates included age at enrollment, sex, race/ethnicity, 2002 household income level, education level, smoking status, enrollment source (list identified or self-identified), and history of asthma, cardiovascular disease, stroke, emphysema, or diabetes reported at enrollment.
Data Analyses
We compared the cancer experience of each group with the NYS population using the standardized incidence ratio (SIR), computed as the ratio of observed to expected cancer cases, stratified by age (5-year age groups), race/ ethnicity, sex, and calendar period (2003-2006 and 2007-2008) . We used NYS cancer rates to determine expected cases because the study population was only NYS residents on CANCER RISK AFTER SEPTEMBER 11, 2001 September 11 and the NYS cancer registry was the source of all but 5% of study cases.
We constructed our analysis to increase the likelihood of detecting September 11 exposure-related cancer at this early stage of follow-up. A little more than 7 years elapsed between September 11 and the end of follow-up, which is less than the average latency period for most solid tumors. Nevertheless, short latency periods have been reported for cancers associated with exposure to chemicals in adults 16 and exposure to radiation in children. 17 We hypothesized that any exposurerelated cancers would be more likely to emerge at least 5 years after September 11 and thus divided the follow-up interval into early (enrollment through 2006) and later (2007) (2008) periods, and focused on cancers occurring in the later period.
We computed SIRs separately for the rescue/recovery workers and participants not involved in rescue/recovery, after excluding 1820 enrollees (61 cancers) with unknown ethnicity or unclassifiable race. Person-time of observation for each participant was calculated from the date of enrollment until the first cancer diagnosis, death, or December 31, 2008, whichever came first. The 95% confidence intervals of the SIRs were calculated using Byar approximation to the exact Poisson distribution. 18 We also computed the rate differences (RDs) and 95% confidence intervals for the later period as the difference between the actual incidence rate per 100 000 person-years of the study population and the incidence rate in the NYS general population, adjusted by age, sex, race/ethnicity, and calendar-year time to the distribution of person-years in our study population. The statistical significance and 95% confidence intervals for the RDs were computed based on the assumption of a Poisson distribution. We did not adjust the P values for multiple comparisons.
Cancer sites with significantly elevated SIRs in the later period were selected for within-cohort comparisons during the entire follow-up period and were examined by exposure category using Cox proportional hazards models separately for rescue/recovery workers and participants not involved in rescue/recovery. Hematological cancers, which include myeloma, leukemia, and lymphoma, also were examined using the Cox model because each has a potentially shorter latency period compared with solid tumors and thus might be more likely to show an early increase. Additionally, lung cancer was included because the dust and debris from the WTC site contained silica, asbestos, and other carcinogens that have been associated with lung cancer. No violation of the proportional hazards assumption was observed for any model. Hazard ratios (HRs) and 95% confidence intervals were adjusted for age at enrollment, sex, race/ethnicity, smoking status, education level, income level, and history of a serious, nonmalignant medical condition as described above. Source of enrollment (selfidentified vs list identified) was included in multivariate analyses to control for potential selection bias.
To account for a 5-year lag time from first WTC exposure, we reran the Cox models under the assumption that cancers diagnosed in the early period were unlikely to be caused by WTC exposures, thereby treating all study participants in the early period as if they were not exposed while retaining the originally assigned WTC exposure category in the later period.
Because we did not have data on the cancer screening practices of the participants, we indirectly assessed potential screening bias in 2 ways. First, we compared the number of stage I cancers for selected sites as a proportion of total cancer diagnoses in the study population with the corresponding proportion in the NYS population during the same period based on the assumption that screening-detected cancers are more likely to be earlystage cancers. Second, we compared the proportions of participants who reported a routine physical checkup within the preceding 12 months between those with and without subsequent cancers among all follow-up participants. Proportions were compared using the Pearson 2 test. Descriptive and multivariate analyses were performed using SAS software version 9.2 (SAS Institute Inc), and SIRs were computed using SEER*Stat MP-SIR sessions software version 7.0.5 (http://www.seer.cancer.gov/seerstat). Significance was set at a 2-sided P value of less than .05.
RESULTS
This analysis was restricted to the 55 778 enrollees who were NYS residents on September 11 (78% of all registry enrollees) and at risk for a first primary invasive cancer at enrollment (FIGURE). We excluded enrollees with preenrollment invasive cancers (n=1473), those with unknown age or sex (n=141), and those who died before the start of follow-up (n=148) or withdrew with an undocumented date (n=212). Of the 55 778 enrollees, 90% remained in NYS throughout the follow-up period, 8% moved to states covered by the 10 state cancer registries mentioned earlier, and 2% moved elsewhere. Table 5 included unity and were thus not statistically significant. COMMENT Dust, debris, and fumes from the WTC contained known and suspected carcinogens, including polycyclic aromatic hydrocarbons, asbestos, benzene, and dioxins. 10, [19] [20] [21] At issue is whether dosages to exposed individuals were sufficient to cause excess malignancies and, if so, whether such excesses are epidemiologically detectable at present. Also at issue is whether any specific cancer site with an observed excess might plausibly be related to September 11 exposure. In this early study with less than 8 years of follow-up, there was no statistically significant increased incidence for all cancer sites combined. Among rescue/recovery workers, however, multiple myeloma and prostate and thyroid cancers were significantly elevated in the later period. None of the cancers chosen for within-cohort comparisons (including the 3 with elevated SIRs) was associated with intensity of WTC exposure. The increase in hematological cancers with increasing exposure in rescue/ recovery workers was not statistically significant. Significant excess risks for prostate and thyroid cancers were observed. Both cancers are frequently detected during routine screening examinations, 22, 23 and are potentially subject to surveillance bias. To address this bias, we compared the proportion having a routine physical checkup within the preceding 12 months between those with and without subsequent cancer. The proportions were nearly identical. Furthermore, the respective proportions of prostate and thyroid cancer that were stage I at diagnosis (85% and 66%) were similar to those of the NYS population. 24 These observations suggest that cancer cases in this study may not have received more thorough cancer screening than the NYS population in general, although they do not eliminate the possible role of surveillance bias altogether. Also, our findings might be prone to type I error given the large number of comparisons.
The etiologies of thyroid and prostate cancers are quite different. Thyroid cancer can be caused by ionizing radiation, 25 but potentially carcinogenic levels of radiation were neither documented nor suspected at the WTC site. Many occupational and environmental causes of prostate cancer have been suggested but studies have been largely inconsistent or inconclusive. 26 Hematological cancers are of special interest because they are generally regarded as having shorter latency periods than solid tumors 2 7 and are associated with radiation and certain chemicals, 28 and therefore could be early indicators of cancer risk. We observed 7 later period cases of multiple myeloma among rescue/recovery workers, yielding a significantly elevated SIR of 2.85. The age distribution of these 7 cases was consistent with that of the general population, in contrast to the much younger age distribution in a case series report. 29 In the study by Zeig-Owens et al 11 of an FDNY cohort, the SIR was based on fewer than 5 cases of multiple myeloma and was not statistically significant. Multiple myeloma has been associated with a variety of occupations, including fire fighting, 30 painting, farming and other agricultural work, 31, 32 as well as with exposure to benzene. 16 However, few specific environmental agents have been consistently linked to myeloma. None of the other hematological sites was associated with an elevated SIR among rescue/recovery workers. Reduced risk of later period lung cancer in the participants not involved in rescue/recovery was observed. Lung cancer with its typically long latency period will remain a concern given WTC exposure to asbestos, silica, and other carcinogens. 33 This study has important strengths. It is the first WTC cancer incidence study that includes both sexes, all ages and races, and both rescue/recovery workers and those not involved in rescue/recovery. In addition, we constructed a multilevel metric of WTC exposure to examine dose-response relationships. The analysis considered latency to the development of cancer by dividing the follow-up into early and later periods. There are also important limitations. First, WTC exposures were selfreported 2 to 3 years after the September 11 attacks, and thus are subject to recall error. However, numerous registry studies have established strong associations between reported levels of exposures and specific health outcomes that display a high degree of internal consistency. 2, 12 Second, the cancer cases identified through linkages with state cancer registries might be underestimated, especially among those without a social security number because about 23% of enrollees did not provide one. However, the percentage of enrollees having a full or partial social security number among cancer cases was similar to that in noncases. Third, because 70% of registry enrollees were self-identified, 13 there may be selfselection bias. 34 We attempted to mitigate this bias by restricting the analyses to individuals without prior invasive cancer history documented in any of the 11 state cancer registries and focusing on cancer incidence in the later period. Fourth, multiple comparisons (23 cancers for 2 periods) could produce statistically significant findings that are in fact due to chance. Fifth, the relatively small number of persons with cancer in both the low-and highexposure categories, and the relatively short follow-up period limited our ability to detect excess cancer risk and the association with intensity of WTC exposure, particularly for rarer cancers. Future in-depth studies of rarer cancers may benefit from combining data across the September 11 survivor and/or responder cohorts to increase sample size. In addition, we lacked information on cancer risk factors, eg, family cancer history, occupational exposures before or after September 11, history of exposure to other environmental carcinogens, and medical screening history, especially for prostate cancer.
CONCLUSION
In summary, this study found significantly increased prostate and thyroid cancers and multiple myeloma among rescue/recovery workers in the later period that were not significantly associated with intensity of WTC exposures. Given the relatively short follow-up time and lack of data on medical screening and other risk factors, the increase in prostate and t h y r o i d c a n c e r s a n d m u l t i p l e myeloma should be interpreted with caution. The etiological role of WTC exposures in these 3 cancers is unclear. Longer follow-up of rescue/ recovery workers and participants not involved in rescue/recovery is needed with attention to selected cancer sites and to examine risk for cancers with typically long latency periods.
